Dear editor
In a recent review in Vascular Health and Risk Management Wang et al state that "In mainly placebo-controlled cardiovascular (CV)-outcome studies in patients with hyperten sion, CV benefits with perindopril were associated with large reductions in BP." 1 However, perindopril in the European Trial on Reduction of Cardiac Events With Perindopril in Stable Coronary Artery Disease (EUROPA) study significantly reduced major cardiovascular events despite a small reduction (approximately 4 mmHg) in systolic blood pressure from baseline. 2, 3 Additionally, the average baseline blood pressure in the EUROPA was just 137/82 mmHg, and in those without hypertension, perindopril still provided a 20% reduction in the combined endpoint of cardiovascular death, myocardial infarction, and cardiac arrest. 4, 5 In fact, patients receiving perindopril with a baseline systolic blood pressure of ,120 mmHg had the greatest reduction in the primary event.
the morning, which resulted in a clear reduction in morning blood pressure, and during the first 6 hours of the dosing interval, in favor of telmisartan. 8 It was well known from the prospective, randomized investigation of the safety and efficacy of telmisartan versus ramipril using ambulatory blood pressure monitoring (PRISMA)-I and -II trials, before the onset of ONTARGET, that telmisartan provides significantly greater blood pressure reductions versus ramipril, particularly during the last 6 hours of the dosing interval, yet ramipril was dosed once a day, in the morning. 10 Thus, we are left to wonder whether this was strategic, especially when previous large cardiovascular outcomes trials testing ramipril such as the Heart Outcomes Prevention Evaluation (HOPE) trial gave ramipril once daily at night and Acute Infarction Ramipril Efficacy (AIRE) gave ramipril twice daily. 11, 12 The most likely reason for this was to cover the early morning blood pressure surge and the loss of ramipril's antihypertensive effect during the end of the dosing interval. Thus, ONTARGET did not dose ramipril optimally, which may have lessened any potential advantages of ramipril in the setting.
With respect to blood pressure-independent benefits of telmisartan, in Telmisartan Randomized Assessment Study in ACE intolerant (TRANSCEND), telmisartan as compared to placebo in patients with cardiovascular disease, or high-risk diabetes and without heart failure, who were intolerant to angiotensin-converting enzyme inhibitors (ACE-Is), did not reduce cardiovascular death, myocardial infarction, stroke or hospitalization for heart failure, despite a significant reduction in blood pressure. 13 Additionally, in patients soon after an ischemic stroke, telmisartan (continued for 2.5 years) did not significantly lower the rate of recurrent stroke, major cardiovascular events, or diabetes, despite a significant reduction in blood pressure. 14 Lastly, telmisartan was compared over a period of 4 years to the diuretic amiloride, with each of the two agents being combined with amlodipine. Despite similar reductions in blood pressure, telmisartan was not better than amiloride on any single cardiovascular endpoint or mortality. 15 The aforementioned data do not support the notion that "telmisartan provides beyond-blood pressurelowering benefits." However, perindopril was found to have beyond-blood pressure-lowering benefits in the Diabetes Artery Perindopril Hypertension Normalization Excess sTiffness (DAPHNET) study. 16 This trial, testing perindopril in hypertensive patients with type 2 diabetes, showed that perindopril 8 mg, as opposed to 4 mg, significantly improves carotid distensibility, despite similar reductions in ambulatory blood pressure. 16 The Blood Pressure Lowering Treatment Trialists' Collaboration (BPLTTC) also showed that ACEinhibitors, but not angiotensin receptor blockers (ARBs), have blood-pressure-independent effects on the risk of major coronary disease events. 17 Additionally, a meta-regression by the BPLTTC also showed risk reductions of 28% in stroke, 22% in major cardiovascular events, 20% in cardiovascular death, 20% in coronary heart disease, 18% in heart failure, and 12% in all-cause mortality with ACE-Is versus placebo. 18 These data provide strong evidence that ACE-Is, particularly perindopril, provides cardiovascular protection beyond blood pressure lowering.
Another point that we take issue with is, ACE inhibitors and ARBs have been shown in head-tohead comparison trials to have comparable CV protective effects.
In Diabetics Exposed to Telmisartan and Enalapril (DETAIL), telmisartan (80 mg daily) was directly compared to enalapril (20 mg daily) in a randomized, multicenter, double-blind, 5 year study. 19 This trial was composed of 250 subjects with type 2 diabetes and early nephropathy. Despite a larger reduction in systolic blood pressure with telmisartan (-6.9 mmHg) as compared to enalapril (-2.9 mmHg), there 
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Perindopril for improving cardiovascular events was a less marked deterioration in the glomerular filtration rate, although not statistically so, with enalapril (-14.9 mL per minute) versus telmisartan (-17.9 mL per minute). Additionally, there were numerically more cases of congestive heart failure (9 versus 7) and non-fatal myocardial infarctions (9 versus 6) on telmisartan versus enalapril. Thus, despite greater blood pressure control, telmisartan does not produce better cardiovascular protection or renoprotection compared to enalapril. This is intriguing as perindopril, but not enalapril, has been shown to reduce cardiovascular events in patients with documented coronary heart disease. 2, 20 In regards to the ONTARGET trial, myocardial infarctions were numerically lower on ramipril (4.8%) versus telmisartan (5.2%) as were hospitalizations for heart failure (4.1% versus 4.6%, respectively). 21 Thus, ONTARGET does not necessarily prove that telmisartan is equal to ramipril, especially when blood pressure was significantly lower on telmisartan. Additionally, ramipril significantly slowed the decline in estimated glomerular filtration rate versus telmisartan (P,0.0001), despite telmisartan leading to significantly greater reductions in ambulatory blood pressure. 22 These results do not support a "comparable cardiovascular protection" with ARBs versus ACE-Is, especially when blood pressure control was not comparable. In ONTARGET, telmisartan was not compared against placebo, and a placebo-controlled trial is the gold-standard to test if a medication provides cardiovascular protection. These data are unfortunately lacking with telmisartan. Indeed, to our knowledge, telmisartan has no data versus placebo showing a significant reduction in all-cause mortality or myocardial infarctions. In fact, we are unaware of a single trial testing any ARB that has showed a significant reduction in all-cause mortality or myocardial infarctions versus placebo or active therapy. This is supported by several meta-analyses showing that ACE-inhibitors but not ARBs reduce all-cause mortality and myocardial infarctions. [23] [24] [25] [26] [27] In a direct comparison trial in hypertensive patients, perindopril, but not telmisartan, significantly improved endothelial function (eg, decreased von Willebrand factor), provided anti-platelet effects (eg, decreased soluble P-selectin and soluble glycoprotein V), and produced profibrinolytic activity (eg, decrease in plasminogen activator inhibitor type 1 and tissue type plasminogen activator antigens). 28 It was concluded that perindopril, but not telmisartan, provides vasculoprotective, anti-platelet and profibrinolytic effects. These pleiotropic effects may be important for perindopril's ability to reduce cardiovascular morbidity and mortality. This is supported by another trial, where only perindopril, but not telmisartan, improved conduit artery endothelium-dependent vasodilation. 29 Thus, head-to-head trials do not support equivalent cardiovascular effects with perindopril versus telmisartan.
In regards to "ARBs having fewer adverse effects and better patient compliance," 1 perindopril has demonstrated extremely low rates of cough in several large randomized trials. 2, 30 In Perindopril and Remodeling in Elderly with Acute Myocardial Infarction (PREAMI), Perindopril pROtection aGainst REcurrent Stroke Study, (PROGRESS), and EUROPA, perindopril was associated with a low rate of withdrawal due to cough (1.6%, 2.2%, and 2.7%, respective). 2, 30, 31 In ONTARGET, cough was significantly increased with ramipril versus telmisartan (P,0.001). Importantly, other ACE-Is have shown a higher incidence of cough as compared to perindopril. 32, 33 In ONTARGET, telmisartan significantly increased hypotensive symptoms compared to ramipril (P,0.001). Both PROG-RESS and EUROPA have shown excellent tolerability with perindopril, with low rates of withdrawals due to hypotension (2.1% and 1.0%, respectively). 2, 31 Additionally, perindopril has also shown less first-dose hypotension compared to other ACE-Is, [34] [35] [36] suggesting that ARBs may not necessarily have fewer adverse events and better tolerability compared to ACE-Is, especially in regards to hypotension. Thus, the purported notion that telmisartan is better tolerated than ACE-Is, is not clear-cut, especially in regards to perindopril.
Regarding comparison trials for blood pressure lowering, in the only head-to-head randomized study comparing full-dose therapy of the two agents, perindopril (10 mg) as compared to telmisartan (80 mg) significantly reduced 24 hour systolic blood pressure (-22 versus -15 mmHg) and central aortic blood pressure (30% versus 14%). 37 Central and ambulatory blood pressure levels are well recognized as better prognostic indicators compared to brachial blood pressure measurements. 38, 39 This may partly explain the disparate effects seen with perindopril and telmisartan on cardiovascular outcomes. These data are consistent with a meta-analysis showing that ARBs have a very shallow doseresponse effect on ambulatory blood pressure. 40 In summary, as compared to placebo, perindopril but not telmisartan has been shown to reduce major cardiovascular events. A broad amount of data support the blood-pressure independent benefits of ACE-Is, especially in regards to perindopril. Numerous meta-analyses now confirm that ACE-Is, but not ARBs, reduce the rate of all-cause mortality and myocardial infarctions. As compared to other ACE-Is, perindopril has been shown to have fewer adverse 
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Perindopril 
Dear editor
In response to the Letter to the editor by DiNicolantonio and O'Keefe we would first like to compliment the authors for their evidentially great efforts to retrieve and select data in support of arguments against the results of our comparative review of controlled, randomized trials with either telmisartan or perindopril.
Indeed, inhibition of the renin-angiotensin aldosterone system (RAAS) with angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin-receptor blockers (ARBs) plays a central role in modern antihypertensive treatment and is also part of modern cardiovascular protection therapy. The mode of action of both drug classes is based on the inhibition of angiotensin II signaling at different stages of the reninangiotensin pathway.
In their letter, DiNicolantonio and O'Keefe conclude that ACEIs but not ARBs should be considered as first-line antihypertensive drugs. This statement calls for further discussion as it ignores the overwhelming evidence for ARBs in the treatment of hypertension, including head-to-head trials against ACEIs, 1 which have also been acknowledged in hypertension guidelines worldwide. [2] [3] [4] The ARB telmisartan, known to have the longest plasma half-life within the ARB class, 5 holds an extensive track record of clinical evidence in this regard. In a head-to-head comparison, telmisartan has been shown to have better blood pressure lowering efficacy than perindopril, 6 which may be explained by the shorter half-life of the latter drug. 7 Taking into account the importance of treatment adherence in hypertension therapy, 4 the excellent tolerability and safety profile of ARBs in general -and especially of telmisartan -comprises an important advantage in favor of ARBs when compared with ACEIs and other antihypertensive drug classes.
3,8
We agree with DiNicolantonio and O'Keefe that cough rates differ between studies conducted with several ACEIs. Cough is one of the most frequent reasons for the discontinuation of ACEI therapy. However, discrepancies between reported cough rates are due to differences in study designs rather than to the respective ACEI. The observed rates of cough were much higher in randomized controlled trials (9.9% of patients on an ACEI), in which patients were queried systematically for the symptom, compared with observational cohort studies. 1 However, we agree with DiNicolantonio and O'Keefe that ACEIs -like ARBs -can be considered for first-line antihypertensive therapy if one would accept the higher risk of side effects associated with ACEI use, perindopril being no exception. 1, 9 Compounds of both drug classes were investigated in large cardiovascular outcome trials and have been shown to be similarly effective in the prevention of cardiovascular events. 10, 11 Nevertheless, comparison of cardiovascular outcome trials with ACEIs or ARBs is impaired, as distinct differences exist between studies. Cardiovascular disease has been investigated at almost every stage of the disease continuum, but differences in patient selection or endpoints remain prominent between studies even when the same stage of cardiovascular disease is the topic of research. 12, 13 For instance, some trials investigated cardiovascular protection in cardiovascular risk patients with uncontrolled hypertension, which itself represents one of the most important cardiovascular risk factors associated with more deaths than other risk factors. A large meta-analysis published in 2002 by Lewington et al in The Lancet showed that every 20 mmHg increase in systolic blood pressure or 10 mmHg increase in diastolic blood pressure is associated with a .2-fold increase in stroke mortality and a 2-fold increase in mortality due to ischemic heart disease or other vascular causes.
14 According to this estimation, a 2 mmHg reduction in systolic blood pressure would be associated with a reduction in the incidence of myocardial infarction and stroke by 7% and 10%, respectively.
14 It is therefore difficult to reliably compare results from cardiovascular outcome studies in uncontrolled hypertension aiming to investigate blood pressure lowering effects ( ) as differences in outcome might already be explained by blood pressure reduction or blood pressure variations within study groups.
Other differences comprise the composition of the study population, including the overall risk constellation and presence of specific risk factors, primary or secondary prevention, the type of cardiovascular event (eg, cerebrovascular or cardiac), and the period of time since a cardiovascular event occurred, namely inclusion of patients shortly after an acute stroke (ie, Prevention Regimen for Effectively Avoiding Second Strokes [PRoFESS]) versus inclusion of patients long after the acute phase of a cerebrovascular event (ie, PROGRESS). 16, 22 For example, the TRANSCEND trial investigated the efficacy and safety of telmisartan versus placebo in addition to standard care, and was the first cardiovascular outcome trial with a RAAS inhibitor (ie, ARB) in 5,926 ACEI-intolerant patients initially supposed to be included in the ONTARGET (n=25,620) trial but unable to tolerate treatment with an ACEI. 21 In addition, differences also exist between the investigated treatment strategies, namely monotherapy or combination therapy, and with regard to the comparator used. Concomitant and standard background medication may have also been grossly different between studies depending on their timing (eg, availability of statins), and may therefore have had a substantial impact on the rates and severity of cardiovascular events affecting study outcomes. All these factors need to be considered when interpreting cardiovascular outcome trial results.
Thus, the interpretation and comparison of outcome trials with RAAS inhibitors should be done with due consideration of the differences that might have influenced the study results. Reliable comparisons between studies are extremely difficult if not impossible.
It is therefore worthwhile to critically examine cardiovascular risk reduction from hypertension trials in contrast to those trials designed to investigate beyond blood pressure effects. Reducing blood pressure in hypertensive patients has been shown to reduce cardiovascular risk. As a result, the US Food and Drug Administration (FDA) recently allowed the extension of the indication of antihypertensive drugs by adding a statement about cardiovascular risk reduction achieved by blood pressure lowering per se in hypertensive individuals. 23 Indeed, blood pressure dependent cardiovascular risk reduction should be taken into account when designing an outcome trial aiming to show effects beyond blood pressure in cardiovascular protection, with the ONTARGET trial being an example in this regard. 20 We doubt if effects beyond blood pressure can be independently investigated in hypertensive study populations showing large and clinically relevant blood pressure drops during the conduct of the trial, as has been the case in the ASCOT-BPLA trial where the patient population had a mean baseline systolic blood pressure of 164 mmHg and a diastolic blood pressure of 95 mmHg, although .80% of patients were already on antihypertensive medication. As a result, the mean blood pressure changes in ASCOT-BPLA were larger than observed in most studies of blood pressure lowering therapy with reductions of 27.5/17.7 and 25.7/15.6 (systolic/diastolic) mmHg for the amlodipine and atenolol groups, respectively. 17, 24 In light of the impressive blood pressure change, the interpretation of distinct beyond blood pressure effects is difficult as they cannot be separated from those achieved by blood pressure reduction alone.
In a post hoc analysis, 24 researchers attempted to calculate at least the risk reductions for several endpoints in ASCOT in association with the observed average blood pressure differences of about 3/2 mmHg with reference to prospective observational studies and the most recent pooled analysis of clinical trials reported by the Blood Pressure Lowering Treatment Trialists' Collaboration. 25, 26 The results of the analysis suggest that "these differences in blood pressure might explain, approximately, a 4%-8% reduction in coronary outcome and an 8%-14% difference in strokes". 24 For stroke and all cardiovascular events, reductions in systolic blood pressure could contribute to approximately half of the benefits of amlodipine-based treatment.
Moreover, in ASCOT-BPLA perindopril was added not earlier than 6 weeks after initiation of amlodipine treatment, and throughout the trial only a mean of 50% were taking perindopril in addition to amlodipine treatment, 24 which cast doubt on whether the positive effects of combination therapy with amlodipine could be explained by add-on treatment with perindopril alone.
However, it is an undisputed fact that the best evidence comes from large clinical outcome trials. HOPE 18 and ONTARGET 20 are among the most important cardiovascular outcome trials in their respective drug classes investigating beyond blood pressure effects in terms of prevention of cardiovascular events such as myocardial infarction or stroke. Both trials were designed to include normotensive or blood pressure controlled patients, and are distinctly different to studies investigating blood pressure lowering effects in hypertensive patients.
The pivotal ONTARGET trial showed telmisartan to be similarly effective to ramipril in reducing the primary composite (4-fold) endpoint of cardiovascular death, non-fatal 
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Wang et al myocardial infarction, non-fatal stroke, and hospitalization for congestive heart failure as well as the key secondary 3-fold endpoint (same as 4-fold without hospitalization for congestive heart failure). The ONTARGET results comprise a body of evidence demonstrating that telmisartan reduces cardiovascular events in patients at high risk for its occurrence. The incidence of the primary endpoint was 16.7% and 16.5% in the telmisartan and ramipril groups, respectively; the hazard ratio for telmisartan versus ramipril was 1.01 (97.5% confidence interval [CI] 0.93-1.10, P [non-inferiority] =0.0019 at a margin of 1.13). Telmisartan was also found to be similarly effective to ramipril in the pre-specified secondary endpoint of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke (hazard ratio of 0.99 [97.5% CI 0.90-1.08], P [non-inferiority] =0.0004), 20 the primary endpoint in the reference study HOPE, which had investigated the effect of ramipril versus placebo. 18 Consistent with ONTARGET, the primary endpoint in TRANSCEND was the composite 4-fold endpoint and the key secondary endpoint was again the composite 3-fold endpoint (HOPE endpoint). 21 For the composite 4-fold primary endpoint, TRANSCEND did not demonstrate superiority of telmisartan over placebo given in addition to standard care (15.7% for telmisartan versus 17.0% for placebo), resulting in a hazard ratio of telmisartan versus placebo of 0.92 (95% CI 0.81, 1.05; P=0. 22) . The analysis of the key secondary 3-fold (primary endpoint in HOPE) composite endpoint in TRANSCEND demonstrated that the incidence of myocardial infarction, stroke, and cardiovascular death was significantly lower in the telmisartan group (13.0%) than in the placebo group (14.8%); the hazard ratio for this comparison was 0.87 (95% CI 0.76, 1.00; P=0.048). 21 Health authorities worldwide including the US FDA 23 and European Medicine Agency (EMA) 27 assessed the data on telmisartan in the prevention of cardiovascular events such as myocardial infarction and stroke in patients at increased risk of such events, and granted telmisartan an indication for the prevention of such events. The clinical evidence on perindopril in beyond blood pressure cardiovascular protection has also been assessed by health authorities, eg, the Committee for Medicinal Products for Human Use (CHMP) of the EMA, based on the results of the EUROPA study. 28 The CHMP assessment led to an indication for perindopril limited to the reduction of risk of cardiac events in patients with a history of myocardial infarction and/or revascularization, which is different from the broad indication of telmisartan in cardiovascular protection based on the results of the ONTARGET trial program reflecting the differences in the clinical evidence on cardiovascular protection associated with these two compounds. 27, 28 To our belief the most convincing evidence regarding cardiovascular protection beyond blood pressure reduction with an ACEI is owned by ramipril, particularly in regard to the HOPE trial where ramipril was more effective than placebo in preventing major cardiovascular events in high-risk patients without hypertension or those whose hypertension was controlled with other treatments (standard therapy). 18 The HOPE study provided evidence of the effectiveness of the ACEI ramipril as part of a multifactorial therapeutic approach in preventing cardiovascular death, acute myocardial infarction, and stroke in patients at high cardiovascular risk, and additionally demonstrated significantly better outcomes in secondary endpoints such as revascularization procedures, and hospitalization for heart failure or type 2 diabetes. Ramipril reduced the cardiovascular risk in these patients by approximately 20% compared with placebo, suggesting a RAAS modifying effect that may exert direct actions on blood vessels beyond their hemodynamic effects. Perindopril, nonetheless, has a large body of clinical data as well, and could be seen as a possible alternative ACEI to ramipril.
Telmisartan is the first ARB which has been proven to provide cardiovascular protection comparable to an ACEI. The ONTARGET trial program represents the largest cardiovascular outcome trial program conducted with an ARB and builds on the evidence provided by the HOPE trial. 18 It comprises the ONTARGET trial and the simultaneously initiated TRANSCEND trial and was designed and conducted by international experts under the lead of the former principal investigator of HOPE. 20, 21 One additional important aspect to consider when interpreting ACEI and ARB outcome trials refers to data obtained from different patient populations with different baseline risks separated by almost a decade of time, during which the standards of therapy greatly improved as indicated in the different background medications, eg, in HOPE 18 and EUROPA 13 as compared to TRANSCEND 21 and ONTARGET. 20 Although entry criteria of the ONTARGET trial program were similar to those of the HOPE trial, patients enrolled were nevertheless different in their individual cardiovascular risk profile and relevant medical history. Patients selected for the placebo-controlled TRANSCEND trial had a lower baseline risk and on entry were treated with more evidence-based co-medications such as statins and antiplatelets which have been associated with outcome improvement in the 8 years since the HOPE trial was conducted. Patients in the ONTARGET study program, in turn, had a considerably 
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Perindopril for improving cardiovascular events greater prevalence of cardiovascular protective medication intake, including statins and β-blockers, compared with those in the HOPE trial. 21 Moreover, it is important to note that the investigators for ONTARGET/TRANSCEND chose a different primary composite endpoint than those for the HOPE trial, as hospitalization for heart failure was added.
Although clinical data might be interpreted in different ways, according to diverse criteria, in particular those that we have already outlined in this response, we believe that for an appropriate and sound scientific discussion and translation of benefit to clinical practice, we need to use the criteria ensuring the highest strength of recommendation. For this reason we disagree with the line of argumentation by DiNicolantonio and O'Keefe, as -in our opinion -both authors repeatedly tried to compare data from trials with distinct differences when creating their arguments by comparing, for example:
• evidence from large outcome trials with small clinical studies, even with exploratory studies, which at best can be regarded as hypothesis generating; • studies in untreated hypertensive patients with studies designed to investigate effects in normotensive and controlled hypertensive patients which go beyond-bloodpressure reduction; • study results in hypertensive and normotensive patients from trials with different cut-offs for hypertension, eg, EUROPA (160/95 mmHg) 13, 19 and ASCOT-BPLA (160/100 mmHg and 140/90 mmHg in untreated and treated patients, respectively) 17 versus telmisartan outcome trials (140/90 mmHg); [20] [21] [22] • blood pressure measurements collected using different methods (manual versus ambulatory blood pressure monitoring), regardless of which measurement was defined by the protocol as the reference method (even sub studies of small sub populations from the investigated total study population, eg, in ONTARGET 20 were used for such comparisons);
• results from studies with combination therapy with those from studies with active single treatment; • primary and key secondary endpoints with other endpoints of studies that may have provided supportive information, but -in contrast to the primary and key secondary endpoints -without the statistical power needed to draw robust scientific conclusions; • numerical differences of study results, eg, regarding renal endpoints, without mentioning that the difference was of no statistical significance and not supported by any other endpoint (change of serum creatinine and urinary albumin In summary, we conclude that the evidence for the ARB telmisartan has been clearly established in the treatment of hypertension as well as in the prevention of cardiovascular events. The trial program consisting of ONTARGET and TRANSCEND provided the solid and conclusive scientific answers regarding the use of an ARB in cardiovascular protection and terminated speculation on whether an ARB could provide cardiovascular protection comparable to the gold-standard ACEI ramipril. Based on the ONTARGET trial program, telmisartan has been granted a broad blood pressure independent cardiovascular protection indication in most countries, which is also acknowledged by recent treatment guidelines. A comparably broad indication has not been granted for perindopril, and it is not mentioned in treatment guidelines to the same extent as telmisartan. Nevertheless, perindopril represents a well investigated ACEI that provides good efficacy as an antihypertensive agent as well as cardiac protection in some specific patient populations.
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